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ANALYSIS OF THE PHYSICAL ENVIRONMENT AT THE TYUME

Scction 1. INTRODUCTION
The physical envirorment in the ViGImTy fu the Tyumen' ICEM complex kas been

leied amd the enginecring-grology conditions at cach launch site are prescried. The
purpose of this study ard similar studics of other COMPICRES 18 1o provide data tat can

e used 1o determine the criteria used by the ;Savl:-xs 1n sclecung locations for their ICBM
ites and to evaluate how terrain conditions probably irfluenced cornstruzuon of the complex
and will t=fluence its physical vulnerability. |Knowledge of Sovict terrain Tequirements for
G smes may aid 1n locating additioral sitef 1 a complex and 1p finding new complexes.

. The Tyumen' complex at the time of study consisted of one possible Type M hard

s1to, three Type DIc soft sites {one perhaps abandoned), and the necessary support facsli-

Ues. The complex is approximately 18 raungal mules south of Tyumen® and the Sverdlovsk -
Tyumen® Rairoad. It is constructed on the douthern edge of the West Siberian Plain in

the drainage basin of the Pyshma River. Tezrain in the vicinity of the complex consists of

a nearly flat, gently sloping plain covered br: mumerous swamps and lakes; it is drained by

Sluggish, meandering streams tbuiary to large, low-gradiest rivers. The area, which

as a dry, climate warm summers aad cold winters, Lies about -
190 nautical miles south of the permafrost SAne; average scasonal frost penctration is
about 4 feet, with a maximum dopth of about|7 feet. Snowfail is light, but the snow cover
generally persists {rom early November through mid-April. Earthquakes have not been
recorded in the ared.

Section II. ENGINEERING GEOLOGY

Analysis of the physical environment at the Tyumeh' 1CBM complex is based on a
study of Soviet publications in the ficlds of geology and soils, madified by interpretation of
TALENT-KEYHOLE Detatled i is p in the

table and graphics

Components of the Tyumen® complex are situated oxf the higher, better drained parts
of a mearly flat, silty sand plain that has nuhcrous marshes, swamps, and lakes. The
stlty sand (Unit 4), which is generally less than 25 fect thuck but in places as much as 70
foet thick, fs present throughout the mapped area except along the Pyshma and Bateni Rivers.
This silty sand layer is overlain in places by peat (Unit 1), 1 to 6 feet tuck: by alluvial
mixtures of sand, silt and clay (Ut 2), about 40 feet thick: and by lacustrine silty clay
(Unit 3. 3 to 6 feet thick. It s underlain throughout the mapped area by caleareous silty
clay (Unit 5) abous 35 to 70 feet thick, silty sand (Unit 6) about 35 fect thick. and marine
plasdic clay (Unit 7) more than 600 fect thick.

Abundant natural construction material of silty sand, suitable for fine aggregate i
washed and screened, is easily available. Small lenses of gravelly sand and sandy gravel
in the silty sand layer provide minor amounts of fine gravel if screened. Rock and coarse
gravel are not available within the area. Most namral materials, excluding peat, are

S aitable for fill. Good construction umber 1s obtainadle from numerous nearby scatwred
stands of dense forest.

The silty sand is generally poorty suitdd to unsuited as a natural foundation for
surface structures within 5 feet of the surface because of its {rost susceptibility: at
greater depehs, it Is sultable when drasned! The silty clay is almost equally frost sus- .
Zeptible and is only fair to poar below depet of frost action. Valley bottoms (Unit 2) are
poorly suited for natural foundations, as théy are subject to flood. Swamps and marshes
(Unit 1) are uasuited because of organic soils and the itficult dratnige problems. Excava-
tion of the unconsalidated scdiments is casy With poweT equipment; gTound water is graeT-
ally encountered at depths of less than 20 fget, however, and as a result of the spring
snowmelt and infrequent heavy summer Fams, it may Fise to near the surface. Excavation
walls require strong support to prevent shemping. Surface and subsurface drainage is good
on porous silty sand bt poor on silty clay pnd plastic elay. Seismic velocities in silt and
sand layers range from 1,000 to 6,500 feet per sccond below the water mble, mostly 1,500
to 3,000 above. In plastic clay they 1ange {rom 1,000 to 9,000 feet per sccond, and in
peat, from a few hundred to 1,100 fect per rc:ard.

Large® quantitics af good-guality surfice water are pereanially avallable from the
Pyshma River and larger lakes. Variable lpartities of good- to poor-quality surface water
ave gvailable from small tribumry streami, swamps, marshes, and small lakes; the
sources may become dry in summer and ugually freeze solid in winter. Small to méderate
quantities of fatr- to poor-quality ground Water are perenatally available from stream allu-
wium (Unit 2) at depehs of less than 40 feet, Small to meager quantities of fairequality
ground water are perennially available from silty sand beds (Units 4 and 6) at depths of less
than 120 fect. Ground water from wells stbed in marioe plastic clay at depths of geoerally
more than 120 feet s usually brackish or saline. s

LAUNCH SITE 1

Launch Site 1, a Type Tlc soft site pogsibly abandoned, is simated on a slight Tise on
a pearly flat plain about B.5 nautical milek south-southeast of the small village of Onakhino
on the Pyshma River. Rehief within 1 naizical mile is about 40 feet. Vegetation in the
western half of the site area is cutover fofest consisting of shrubs and a few scattered
trees: the castern half 1s dense evergreen forest with some decicu wees. Tree types
inciude Scotch pine up to 70 feet tall and L3 inches in diameter, and white birch, Siberian
spruce, and European aspen up to 60 feet tall asd 12 {aches in diameter. Pine and spruce
are good as comstruchon timber; birch an larch are fair ©o good, but aspen is poor.

The site 15 on a layer of silty sand (Umt &), about 15 1o 25 feet tuck, underlain by
beds of calcarcous siliy clay (Uit 3) about 45 feet thick, silty sand (Uait 6) about 35 feet
ek, and marine plastie clay (Umt 7) mdre than 600 feet tuck. The silty sand layer
provides a gold o fair foundation below the depth of frost action, about 5 feet, if 1tis
dry and compacted: 1t 1s poorly suited when wet oF sujject to frost acuon. Foundatioas R
a7t unswied on the castable, ~aturated beds of calcarcous silty clay, silty sand, 2nd
marine plastic clay. Surface and subsurfice drairugr an the porous silty £and layer s
capid to the depth of the water table, usudily about 10 to 1S fect from the sur
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1C5M COMPLEX

LAUNCHBITE 2

alsoa T

Launch Site 2,
south-souttreest of Onakhno. Relie!f w
mostly densc forEst Similar ot ar La
forest in various SmETS Of TCFTOWTE.

T soft site, 1s on a slight mise about 5.5 rauncal miles

! rauncal mile 1s about 40 feet. Vegrtanon is :
ch Site 1, wizh patches and strips of cutaver

Orher emvironmenial aspects at Site 2 are similar to those at Site 1 excepx that the
surtace Layer of siliy sand (Ut 4) 1s about 50 to 70 feet thick, asd the underlying bed of
calcareous silty clay (Unit 5) is about 70 feet tuck

LAUNGH STTE 3 . . .

Launch Site 3, also of Type 11c configzranon, 15 siruati® on a fow ndge about 4.5 -
pautical miles south-southcast of the village of Orakiuno. Relie! within | rauncal mile
15 approx:mately 60fect. Vegrtauon witkin about 0.5 nautical mile is dense forest simi-
lar 1o that at Launch Site 1. Beyond this there are stnips and patches of cutover forest
with regrowth cxcept to the nortTwest, where it is predominantly marsh,

oz

Other eavi 1 aspects of the site arc similar to those at Launch Site I excepe
that the surface layer of silty sand (Unit.4) is about 45 fect thick, and the calcareous
silty clay (Usit 5) 15 about 65 fees tuck.

LAUNCH SITE 4

A possible Type II kard site, Lauach Site 4 is oa a shght rise apprommately 7.5
pautica) miles south-soutlwest of the willage of Orakiure. Relief within | nautical mile
ts about 25 fect. In addinon to marSh vegetation in areas anrtheast and east of the site, o
vege@tion acarby ircludes cutover forest with strips and patches of dense, mature trees

similar to those'at Launch Site 1.«

Excavations greater than 90 feet require heavy grouting of the bed of silty sand (Uzit 6),
25 it 1 an artesian aguifer. Other ervironmertal aspects of the site are simular o Launch
Site 1 except that the surface layer of silry sand (Unit 4) 1s about 43 feet thick and the
calcareous silty clay (Usit 5) 15 about 50 feet thick.

Scction . SUMMARY

The Tyumen® 1CBM complex is on a flat. poorly drained plain that is free of permafrost,

and 15 situated 10 an area where carthquake activiry has not been reported. A study of the

terrain negates any environmental factor as a major consideranon in sclecting this lozation

for a complex. The only major similarity between lausch sites is that all are on the higher <
Iying parts of the poorly drained plain. On the basis of geologic conditions, locations of the -
launch sites and support faciliues were as well selected as possible for an arca that has a

generally poor environment. All of the four deployed sites -- two Type HIc soft sits, one -
possibly ahandoned Type Ilc soft site, and one possible Type Il hard sitw -- rest on slight

rises of porous silty sand. The silty »and provides godd'w fair foundatiors for surface

structurce below the depth of frost acuon (about 5 feet) when it is dry: however, st'provides

poor foundstions when wet, a condition that exists:when the shallow water table rises during

spring snowthelt and from iffrequertiheavy summer rains. The soft, saturated materials

encounteredan pxzavanons arc unsuited as foundations for hard, silo-rype sitcs: this is
- especially true of the silty sand bed abolx 100 feet from the surface, which is an artesian

_agmfer and requires heavy gTOUTIng in Prep .g stable . of the saft
“sour is casy with power equipmenti however, walls require very strong support to prevent T
stomping, and draimage of deep excavanans is very difficuls. Silty sand, suitable as fine .

SScregate if washed and screened, s readily available, but impartauon of all rock and
gravel from distant sources 1§ necessary for the construction of large structures. Good

Gimber for construction uses 1s readily aviulable. Adeguate peres

1al water supplics are

.+ Jbixainable from shallow grousd-water sources as well as from the Pyshma River and large

lakes.
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-LAUNCH SITE CONFIGURATIONS g DIAGRAMMATIC GEOLOGIC CROSS SECTIONS ’ ]
© ICBM LAUNCH SITES '

i FOR LOCATION OF AREAS DIAGRAMMED,
e SEE MAP ON PAGE 6. FOR EXPLANATION OF
- CEOLOGIC UNITS, SEE TABLE ON' PAGE 7.
HORIZONTAL SCALE 1:20,000
- VERTICAL EXAGGERATION 20X =

- TYPE Il (MODULAR) MODE C R . N Y.

LAUNCH SITE 1
(TYPE ne)
~ 300

- 2s0

200 - 200
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=]
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(TYPE t11e)

e _, 250 . : . - 250
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E
R =]
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3
S .
: 150
o
e
100
= 52 .

NOTE THE CONFIGURATIONS SHOWN ARE
CHARACTERISTIC PATTERNS ONLY, AND ARE
- NOT NECESSARILY EXACT EEPRESENTATIONS

- OF THE TYUMEN' COMPLEX. . - - °
. . N 6,000 3,000 - e 3,030 6,020
E FEET F

: RELIABILITY OF CROSS SECTIONS
; DATA ON SEQUENCE, THICKNESS, AND COMPOSITION OF L.
E‘DLQCIC L‘YERATUEE AND ON INFORMATION REGARDII

ENERAL AREA OF THE SITES, MODIFIED 8Y TALEN

RS ARE BASED ON AVAILABLE
PHYSIOGRAPHIC FEATURES OF
a

on seousncs AND COMPOSITION OF THE LITHOLOTIC uNIT VERY RELIABLE. THICKNES

. . OF LAYERS ABLE WITHIN D1SFEET. ELEVATIONS AT THE SITES ARE BASED OM AIR

< - . TARGET CHART srmss 200, SHEETS G156.20A AND 0156.25. RELIABILITY OF ELEVATION INFOR
y . MATION IS =33, FEE
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1

UNITS &, ND 7 ARE NDT EXPOSED AT THE SURFACE (SEE CROSS SECTION) o ) sC £ 1:136 ¢ ‘RD ) A EGEND - -

ELEVATION DATA NOT AVAILABLE ] oTicae = Z??L%Cﬁ%y;s"';cms -—.____
DIAGRAMMATIC GEOLOGIC CROSS SECTION s LN ES
. VERTICAL EXABG%RAT!ON 12x ‘

TYUMEN' & : - 25X1 s LT
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. ANALYSIS OF T

Section 1. INTRODUCTION

ironment 1o the vicimty of the Yedrovo [CEM camplex tas been analyzed
and the engine coadinons at each Launch site are pres of ttus
study and similar smudies of other complexes 15 to provide dat that ean be used to determine
the enzera used by the Soviets in sclecuing locatons for thers 1GEM sites and to evalute how
terratn promably influenc of the complex and will influense 1S
physical \-.Al:nrﬂbxhr)‘ Knowledge of Sovict terrain reguirements for ICRM sites may aid
locating additzenal sites in a complex and in finding new complexes.

Fhe physical ¢

cetizg -Feolo;

The Yedrovo complex at the nme of study consisted of 1 Fardeaed launch site, © soft
sites | ] The complex 1s located about 165 sautical
miles southrast of Leningmad on forested, glaciated terrsin composed of flat to geatly sloping
plains with mumerous steeply sloping, halls, and :
lakes. The complex area 15 drauncd by many small, sluggish strea:
moderatd with mild summers and cool winters. Snowfall ts Light with the snow cover geacrally
persisting from late November through early April. The arca lics about 375 nautical miles
south of the permafrost zone; scasonal frost penctrates to a maximum depth of about 4 feet and
does not consuture a problem a CONSITUCUOD EXCCP 10 structures with shallow foundanons.
This refon is not subject to earthquake damage.

Section Il.  ENGINEERING GEOLOGY

Analysis of the physical enviroame
Soviet publicat
KEYHOLE

at the Yedrovo ICEM complex is based on a study of
oma in the fields of frology a4 soils modificd by iCrprTATen of TALENT-
Demuled 1nfg 1s present table and

graphics.

The glacuated, lummocky terrain of the Yedrove area is underlain by bedrock of massive
shale (Umt ¢). A wedge of layers of imestane, cavernous dolomite, and shale (Unit 5), which
thickens to the cast, overlies the masstve shle bed except In the northwesicrm It of the
mapped area, where it 1s absent.  Dolomite 15 exposed at the surface in the southwestern part
of the mapped area, and Limestone and dolomite are exposed at the surface in the centzal part.
These exposures form inconspicuous ridges with sinkholes presest on the back or dip slopes.
Giacial deposita of gravel, sand, silt, and clay overlie bedrock in most places. Clayey
glacial till (Urit 4), & heterogencous muxeure of codrse- and fine -grained matcrial.! occurs as
stecply sloping. elongated hills (moraincs) as rmuch as 250 foet hugh. Glacial deposits of
stranfied coarse- to fine ~grained sand with some layers of sandy gravel (Uit 3) form kames
as much as 50 feet kigh, and deposits of well-graded sandy gravel form eskers as much as 130
feet high. Lacustrine silty sand (Unit 2) as much as 25 feet thick forms gently slopng plains -
and overhes clayey glacial ull and sands and gravels. Numerous depressions in the alls and
plains have swamps. marshes. and peat bogs (Unit 1), and commonly contain small, shallow
to deep Lakes.

Abundart quantities of Coarse AgRTCRAte arc available ia the central and Western fart of
the mapped area from gravels of eskers, and abundant quanutics of fine aggTeate are avail-
able throughout the mapped area from sands of eskers, kames, and plans. Bedrock of Iime-
stone and dolomite well suited for building Stonc, TIPT3p. &gETesate, and 1l 1s availadle in
the central and southwestern part of the mapped arca. Clayey glacial il well suited for fill
18 common throughout the area. Timber switable for construction is readily available and
consists of Norway spruce and Scotch pine of fair to good quality, and aspen and white birch,
gencrally of fair to poor quality.

Natural foundations for soft sires are cxcellent on limestone and dolomite where not
fractured or cavernous, and good on shale. Natural foundations below the level of frost pene -
tration, about 4 fect, are good on sandy gravel of kames and eskers, §ood 10 farr on sand o
kames. fair an clayey giacial til. aad fair on sty sand of plaias. Natyral foundations for
hard sites are generally good on bedrock of limestone, dolamite, and stale, and fair to good
on moraines of clayey glacial ull. Excavation sbove the water table by power cqulpment would
be casy tn glacial deposits bat difficult below: strong wall support 15 needed. Excavation in
bedrock requires power equipmnent, with drilling and blasting operanons necessary in dolomite
2nd limestone beds. Drilling and blasung operations in bedrock are hampered by caverns in
dolomize bedn and fractares n limestone beds. Excavations in becrock would require mostly
minor wall support.

- to farr-quality surface water in abumiant Guantitics ts perennally avaiable from
numerous deep lakes in the mapped area. Poor-guality water in large® to small qua

i available from all lakes and streams. Ground water of fair to poor
quality 15 small to large quantties 15 —tr!ﬂm:nynu:n;b‘c from caveras 1n dalomite and
fractures i me. Meaget to of farr- to good qu.:llrv water are
avarlable from sand and 1T aqHifera thraughoot the area cxcept near prat bogs, swamps, and
marshes, where quanutics are meager to large and quality is mostly poor.

1es 18

LAUNCH SITE 1

Launch Site 1..a Type Hb site, is located about 14 mautical rules souttwest of Yedrovo on
a silry sand ,lain adjacest to moraines of clavey glacial nll. Relief wittan 1 nasucal mile of
the sitc protably docs not exceed 50 feet, Vegetation is mostly dense forest of spruce muxed
with birch, pine. aspen, and in an adjacent swamp, willow, The trees are as much as 60 fect
tall and 15 iches 1n diameter.

The plain on which Lasach Sitz 1 15 situated consists of unconschdated, siratificd silty
sand (Urat 2) overlang clayey glacsdd 1l {Usnit 4), which tomls about 15 feet 1n thickness.
Bedrock 15 cmly about 15 fect thick, predominantly dolomute with some imestone beds (Usit ),
< massive soft stale bed (st ) which extonis fo depihs of more than 450 feet.

¢rainage of fae sire&s 47 to good on the geatly sloping terrain composed of -
porous sand surface drammage is poor because of the Jow permeabibity of the
underiving clavey plasial sl Con . Small to padera quasites of fair- to good -gualiry
ground water are available from aguifers o san Layers, and m © small quantiues
available from aquifers of silt layers. Small to Jarge Guanutics arc available from the dolo~
mite and limestone beds: GUAliTy 1 (21T 10 poar. -

‘Srability of foundations for heavy STfce STFUSITCs 15 LT on silty sand 1f compacted and
fair on clayey glacial Lll, below the doth of frost penerranon.  Fou: Bility 15 good
to excellent on bedrock of sound dolamite and Limestone (Uit 5) and goox! on massive shale
mat €). Excavation in siiry sand and clayey glacial il 15 easy with power equipmest but

shis of less tan 10 feet by the shallow water tabie; walls Toquite strong support
6 provert » . Excavation in bedrock would Tequine power cquipment; drilling and blast-
ing are necessary 1a dolomite and Limestane beds and would be difficult 15 dolomite because of
caverns. Walls require little of 1o support. Seismic velocities of the mamral matenals surs
ng the size mostly range from 1,000 t0 6,500 feet per secom In sandy sails, 1,300
4,09 in clavey glacial nll, 7,000 to 20,000 in dolomite and Limestone, and 3,000 to 14,000 -
12 massive shale.

ation

of water werms, see Enmacering Geolom table fwomote
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\aterals are presen: withia about 5
ite suimbic for MOSt CaRSITUCLION USES IS
sovtmwest alang surfase £xpas

rlying the site, 3nd also 19 the ns

which farm short, steep nidzes. Gravel and sand suitablc for agrregate and Lill are evailable

in abundant quanunes arby kames and eskers. Spruce and pne UmbCT that 15 &ir to
Tor coratraction 15 reacily avartanies
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LAUNCH STTE 2
Launch Site 2, also of Type 1Ib configuration

Yedrovo. Relief withun 1 rautcal m
that at Lauach Site 1.

15 jocated about 6 nautical miles sauth of
© of the site ts about 130 fecz.  Vegrtauon is similar to

The site 1s sitated on a moraine of clayey glacial till (Unit 4), about 10 to 40 fect thick
h overlies layers of imestane with dolomute, locally cavernous, and sbale (Unit 5). toa
depes of about 200 to 250 fect.

Surfage drinage 15 good on the steeply sloping moTaine, but subsurface dra:nage is poor
because of the | ¢ of the clayey glacial oll. Small to Jaree quantities of fur- to

pooz -qzality ground water are available at dejihis of loss Uian aboat 150 fect from Limestone and

dolomute layer:

Samliry tions for Leavy surface Structures is fair on clayey glacial ull (Unst 4)
below the depth of frost penetration. Samhiry 1s good 1o excelient on bedrock of sound

drilling and blasuag would be o . Seismic of Fatral matenals surrounding
the site mostly range from 1,300 to 4,000 feet per second in the clayey glacial till, and from
3,000 1o 20,000 1n the layers of lmestone, dolomite, and shale.

Natural construction materials are similar to those at Launch Site 1, excepx that lime -
stonc and dolorute swable for Most Construclion puIposes arc exposed 1a NdFes o the porth-
west and souttwest.

SITE 3

[ Jiocated on an anticitmal ndge about & cauneat
miles west-soutiwest of Yedrovo, Relief wittun 1 nauncal mile promhly docs nat exceed 100
fect. Vegetauan consists mostly of dense birch forest with some spruce, pine, and acen
irtermixed, Trees are as ch as 60 feet tall with diame:
and 15 saches for spruce and pine.

@ on a steep hill of predominantly colomite with xome limesione beds
(Uait 5), about 20 to 30 fect thack, in places overlun by clayey glacal oll (Unit 4), Feaeral.
less than 20 fect tuck. A massive, soft stale bed (Unit 0) underhies the’lime stone and dolomute
and extends to depths of morv than 430 fect.

Surface and subsurface drainage arc good on the anuchnal ndee of dolomute and Limestone.

Meazer quantiucs of fir- 1o poor-quality ground water are availabic Cromm than layers of
cavernous dolomite, soft sandstonc, and s2nd in the massive shale bed at dejxhs of more thas
130 fect.

Seability of foundauons for heavy suriace structures is £ood 1o exceliont on sound limestone

and dolomite. and fair on clavey glacial ull below the depth of £rost ponctration. The water
£aBle 1 a1 a depth of about 150 fect. Excavation by power cquipment would be easy in clayey
glacial ull, but walls would require support. Excavation of dolamite and limesione would be
difficult because of caveras ant fractures,and drilling and biasting would be required, but
walls would require liftle or no s:pport. Power oper2tions in the massive stale bed would he
mostly casy and walls would'require some &upport. Seismic velociues of nazural
surrounding she 1aC1Lity mostly ranze from 1,300 t 4,000 feet per second 15 clayey glacal ull,
7,000 to 20,000 tn layers of imestone, dolomute, and shale, and 3,000 ta 14,000 1n massive
shale,

mawrals

Adequate sources for most marral construction matrnals are presest w
mule. Bedtrock of hmestone and dolomite suitable for most ¢

o 1 nauucal
nstruction uses 15 available

ard adjacent ta, the Qcihity along surface cxposures which form short, swwep ridges. Abundant

quantities of sand and gravel for aggTegate and fill are available from kames and eskers to the
south. Spruce and pine mbeT, faiT to g0 f0r COREITUCHIOR, 15 available within the dense
birch forest surTounding the site.

LAUNCH SITE 4 .

Ancther Type {1b installation, Launch Site 4 15 located on a steep!y sioping hill about §
nautical miles souttwest of Yedrovo. Relief withun 1 nautical mile 35 about 100 fect.  Vege-
tation 15 similar to that at Site 3. -

Launch Site 4 18 sizuated on 2 moraine of clayey glacial bl (P4 about 5 to 25 feet thuck

which overlies layers f Limestone, with colo:
deprh of about 150 to 200 feet,

te, locally cavernous, and shale (Uit 5)to a

bt
to large Guannues of
t depths of less than abost 200 fect {ros
te layers underlain by shale layers,

Surface @miifage of the site is good on the stecply sloping mormune, hu,
is poor becausé of the low permeability of the clayey glacial ull. w2

fir- 1o pooruality grouad water are avaiiable
srone and &

Statmliny of foumtations for heavy surface &

te layers, and good on shale layers (U
would he casy with prweT equip

5. Excavauoss in clavey glacial ull
pports arv Tequred. In becrock af Limestone

require hirtle or o

and scaling of the waler-beaning Zose REIT the €or

and dolom@b.and shale layers are necessary, Seismic velocitics of ratural

ing the site mostly ranze from 1,300 to 4,000 fect per sccond in the clayey ghacal ull, and
of lime stone, dolomute, and shale.

Adequate sources 10T most rATTR] CORKITUCH UM MAteTials AT PrEsCRt with

4 nautical

© 1o the manth,
Ab:
ex and eskers 1o the
1om use 1s atundy

Limestone and dolomite suitable for oSt CORSLIUTLON usSEs are availa
Ttiwest, and south along surface exposures wiich form short, steep ndim
quantities of sand and gravel for agFTemal
Tih-n st of the e, T

a:
ter of fa1T 19 oot quality fof con
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limestone
and delomite, and good on shale. The warer mable 1s at a defeh of about 50 feet.  Excavationia
clayey glacial ull would be casy with power equipment, fut 1n bedrock of himestone and dolomite

ers of 12 inches for birch and aspen.

ace drainage

uctires 1s far on clayey glacial til below the
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LAUNCH SITE 5

Launch Site 5, a Type IIb s:te, is located on an u
west-soutmwest of Yedrovo. Relief wittin 1 naunical mile of the site prota:
40 feer. The surrounding forest 1s similar to that of La
the well -dramed platas of coarse-grained soils are eulti
rmarsh and swamp vegotation of sphagRum mOsSscs. reed £Tassc

. willows, and alders.

Site 5 13 situated oz a kame of, STaufied. coarse- to
sangy gravel (Uaxt 3), about 10 to 50 fect thick. The kame
(Urat €) about 450 1o 500 feet tuck with thun layers of marl, cavernous dol-
and sand. .

h some layers of
ass:ve stale
1te, sof sandsione,

Surface drainage 13fair to good 0A kames of Porous. corse-FTRIned mndy soils. but
subsuriace drarmage 18 poor because of the Jow permeability of the massive slale. Small to
moderate quamtitics of fair- to good-quality ground waier are available from sand nad gravel
acaifers at the Iasc of the kames. Meager quastities of (31T~ 1 pooI-quality ground water are
available from thin layers of cavernous dolomite, 504t sandstone, and sand within the massive
shale bed to depths of about S00 feet.

Stabiliry of fourndations for heavy surface structures 15 good on sandy gravel
fatr on sands of kames below the depeh of {rost peactration. Foundation stabiliry
the massive shale. Excavation of the stratificd sands and gravels (Unit 3) s casy even with
hand tools, but wall support is needed to prevent slumping. The water wable lies neax the con-
tacT of the massive shale bed at depchs of about 10 to 50 feet. Comsuderable dratnage is
required near the comtact zose of the sandy layers asd bedrock. Exeavaiion of the massive
atale ia easy with power equipmest although some drilling and Blasung may be required if hard,
caverpaus dolotzite 13 encountered; sagie wall support is require

Dramage axd seal:zg of

ary of the pe: beds of soft , and sand xré also necessary.
Seismic velocities of natural matertals surrounding the site mostly range from 700 to 6,500
feet per sccond 1 sands and gravels, and from 3,000 to 14,000 in massive sale. -

!
Adequate sources for most ngrural comstruction materials could be developed within &
distance of 5.5 nautical miles. Limestone and dolomite suttable for most construction uses
are available within 5.5 nautical miles of the site along surface exposures which form short,
stecp ridges. Abundant quantities of sand and gravel sultable for aggTegate and fill are
Timber of fatr to good quality far

avallable underlying, and adjacent to, the launch sitz. T
comstruction use is Teadily avallabie.

LAUNCH SITE 6

Launch Site 6 i also a Type TIb site, located about 21 nautical miles southwest of
Yedrovo. It lies oa a silty sand plain (Unit 2) adjacest to steep-sloping, elongated eskers
(Unit 3) and peat depressions (Unit 1), Although on a plain, Telief within 1 mctical mile of
the sitx is about 75 foct because of the eskers. Vegetation consists of clusters of trees
amid cultivated areas. In the peat depressions there are clusters of trees, shrubs, and
grasscs; the eskers arc grass covered. The trees are mostly spruce, bog birch, 3ad
40 fect and a drameter of 12 inches. mwamp vege-
tatton includes willows and alders which grow to a height of 6 feet with diameters of 2

Site 6 is on a plain of stratified silty sand, about 10 1o 15 feet thick, which overlies
clayey glacial till (Uit 4) about 10 to 15 feet thick. Bedrock Is alternating layers of soft
shmlc and clay about S0 to 60 feet thick, underlain by cavernous dolomim beds (Unit 5),
it 40 fom thick, that rems om mansive shale (Ueit 6L

Suti dratnage is faiz to on the gently sloping terrain of parous sandy soils,
but subsurface drairage s poor because of the low permeability of the underlying clayey
glacial tll. Ground water is available i small to moderate guantiues from aguifers of
sand layers, and meager 1o small quanutes from siit layers (Unit 2); quality is {zir TO

rger quanuties are avallable from caveras in dolomite and {ractures in lime-
stone (Ualt 5); quality 18 fair to poor.

P .

** Smhility of foundationa for heavy surface structares Is fair og silty sand if compcted,
2nd fair on clayey glacial till below the depth of frost penctration. Foundation stability ts
§00d to falr on bedrock of shale and clay, and to excellent on s dolomite and
limestone. Excavation in stlty sand and clayey glacial till §s easy with power equipmest, but
would be hampered at depehs of less than 10 fect by the shallow water table: walls require
strong support to prevent slumping. Excavanon in bedrock of shale and clay would require
power equipment; walla would Tequire some SupOTT in shalc, much support tn clay. Drill-
ing and blasting would be required in the dolomite and limestone; caverns in dolomite would
hamper drilling and blasting operations, but walls would require lirtle or no suppOTt.
Setsmic vel of natural material the site mostly range from 700 to
6,500 fect-fier cecond in the sandy soils, 1,300 to 4,000 in clayey glacial ull, 3,000t0
14, DOO in tae shale and clas beds, and 7,000 to 20,000 in the dolomite and limestone bec

Adequate sources for most namiral construction materials are preseat with:n 3 rautical
miles. Limestone and dolomite suitable for most construction uses are awilable to the west -
along. surface exposures which form short, stecp ridges. Aclitonal exposures are lopsied
about 11 nautical miles to the cast and northeast, Abundant quanuties of gravel and
suitable for aggregate and fill are availadle from eskers acdjacent to the west s
launch site. Some fair- to good-quality timber of spruce aad pinc is avallable from clustfrs
of trees to the north and south of the .Li::}'\':h site,

LAUNCH SITE 7 - - .
Launch Site 7, & Type [b site, is located aboug 20 nautical miles we st-southwest of
Yedrovo. It lics in a valley adjacent to steep-slopmg eskers (Unit 5) 1o the south and north-

cast and moraines (Unit 4) o the northwest. Relief within 1 nauncal mile of the sitc is
about 75 feet, Vegrtation is primarily dense spruce aad hrch forest wifh o ixed pine
and aspen. °

Site 7 15 'struated in-a valley of sTanfied silry sand (Unit 2), abost 10 to 15°fect tuck,

which overlies elayef glactal tll (Umf 4), about 3 to 15 feet thick. Bodrock is cavernous  °
dotomite (Uit 5), adout 10 to 20 fect thick, which rests on massive shale (Uit 6}

Surface dralmage 18 fair to good on the gently;sloping surface of porous sandy soils,
but subsirface drainage 18 poor because of the ok permeability of the underlying cla
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_ may have been selectod because of its position on the €IUst of a minor aanchinal structure

11l Water of tair to good Guality could be chtained rate quznues

o meager to small guazohes from the eilt layers (Untt 2
iamntes arc available from caverns 1n Gaiomite beds and fracwres (s Lmestone

beds (Uit 5), but the quality is faiT o poos,

Statality of foundatzons for heavy surface stractures is fair on silty sand if compacted, -
anet fare on elayey glacial 1l below the defxh of Irost pepetration. Foundation smilicy is
food 1o exeellent on bedrock of sound dolormte 2d Lmesione, aad good oa the massive stale.
Eravation i silty sand and clavey glacial ull 1s casy with power equipment but would be
himpesed by ground watcr at depths of less than 10 fect in valleys and 30 feein eskers and
motaines, Excavazon walls reguire STong support toprevent slumping. Excavation 1a
dolomite and limestane requires drilling and blasting, and would be hundered by caveras in
dolomite beds. Walls i dolomite and limestane Tequire Litle o po support. Excavatea
im shale with power equipment 15 graerally casy, and walls Tequire some SupporLl. Seismic
velocinies of natural materials surrounding the sie mosdy range from 700 12 6,500 feet
e second in the sandy soils, 1,300 to 4,000 in elayey glacial ull, 7,000 t 20,000 in the
dolomite and Limestone beds, and 3,000 to 14,000 feet per second in massive shale. . -

Natwral comstrucuon matenal
qualtty imber ts reacily available

are similax to those available at Siw 6. Faix= to good-
acent to the site. .

LAUNCH SITE 8 .

Laurch Site §, te oaly Type I site in the complex, is located on & steeply sloping

moraine about 11 raztical miles west-souttwest of Yedrovo. Relief wattin 1 nautcal mile
is about 150 fect. The steeply sloping moTaine is covered by demse forest of ixtermixed -
spruce, birch, pinc, and 2spez: gently sloping plains between moraines are cultivated.

The size 1s simated an the side of 2 steeply sloping moTaine eomposed of clayey glacial .
w11 (Unit 4), about 25 to 40 fect tuek, overlying bedrock of predominastly dolomlte with

some limestone beds (Uzit 5), about 35 to 40 fect thick, in places with thun layers of marl -

amd soft shale, The latter Gnit overlies a massive shale bed (Unit 6), 450 to 500 feet thick,

which Includes thin layers of marl, cavernous dolomite, soft sandstone, and eand,

Surface drainage is §ood on the stecply sloping moraine, but subsuriace drainsge is .
poor because of the low permeability of the clayey glacul ull. Srall to large quantities
of fatr- to poor~quality Fround water are avallable {rom caverns ia dolomite and fracuires
tn Limestone beds.

Sabiliry of foundations for heavy surface smuctures is fair on clayey glacial tll belo®
the deph of frost pesetration.  Foundamon smbility is good to excellent on bedsock of sound
dolomite asd Hmestone layers, and good on the massive shale bed. Excavanon in clayey ~
ghacial il would be easy with power equpmess, but walls require support. Dolomite and
Limestone require drilling and blasnng, 2nd because of probably €3COUTTETIng CAvVEIRs in
the dolomite beds drilling time would probably be slow, espectally in water-bearing zones,
“The water table 15 about 40 to 60 ‘ect from the surface, and Lies near the Zooe of comtact
of tasal glacial tll, commanly silty sand or silty clay (Unit 4), and the dolomize and lime~
stome beds. Dralzage ame sealing of water-bearing Toncs are necessary, but Little or no
wall support 18 necded. Power-equipmer: operaticns (n the massive shale bed would be
mostly easy. hut excavation walls would requiré some support. Drainags, aad sealing
of any beds of dolomite, soft and sand would also be
necessary. Seismic velocinies of natiral matcnials surTeunding the site rmostly range
from 1,300 ta 4,000 fect per sccond in the clayey glactal alli 7,000 t 20,000 in the lavers
of Golomite aod Limcstone: and 3,000 to 14,000 iz the massive shale bed, inctuding layers

et mmimrome. and aand: and an much as 23,003 fuct sy welotd 10 LVEIS OF

o L
dolomttes

Adeguate soufges for most natzral CORSITUCEOR materials are preseat withis 2 pawmcal
miles. Dolomite and Limestone surtble for most construction uses are avallable uaderlying
he site, and to the southeast alang surface exposures which form short, stecp ndges. .
Abundast quanzues of sand and gravel suitable for aggregaie and Ll are avaslable southe ',
west of the launch site. Fair- to good-guality imber for construction use 1s readily
available adjacent to the site. -

Section [l SUMMARY

The Yedrovo complex is situated on glaciated terrain, with conditions locally weil

suwized for the constmiction of soft and hard ICBM launch sites, The tulis are well suied -
for the constrichon of Soft sites, tut arcas with bedrock suinable for the construztioa of ~
hard sites are located in @ RarTow, east-west rending Zonc fn the cemiral part of the

western half of the mypped area and also in the northwestern part. The only hard site

in the complex 18 located in this zome. Natural construchon materials of limestone and e
dolomite well suited for most construction uses are easily available in ahdadant quantities.

Sand and gravel suitable for ageremate and fill are availatle from cskers and kames.

Good construction tmber is readily avalable. Natural are exceliem

on exposed bedrock, good oa shale, good on kames and cskers, and fair on moraines.

Surface and subsutface drainage conditions arv Mmostly FOod, PrEscRusg lew construction

and maintemance probiems. :

Although the soft sites are randomly scaficred, the location of the &

sie tard site

composed of hard Limestone and dolomite overlying a Wi, massive, soft shale bed, with
a deep water mbie. B

25X1 o
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DIAGRAMMATIC GEOLOGIC CROSS SECTIONS
! - AT YEDROVO ICBM LAUNCH SITES

FOR LOCATIONS OF AREAS DIAGRAMMED. '
SEE MAP ON.PAGE 6. FOR £XPLANATION OF .
GEOLOGIC UNITS, SEE TABLE ON PAGE 7. . '
HORIZONTAL SCALE 1:20,000 -~ .
VERTICAL EXAGGERATION 20X .

LAUNGH SITE |
(TYPE i1b)

LAUNCH SITE CONFIGURATION
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CHARACTERISTIC PATTERNS ONLY, AND AR 700 — — 700
NOT NECESSARILY EXACT REPRESENTATIONS -
OF THE YEDRQVO COMPLEX ;1
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RELIABILITY OF CROSS SEQTIONS
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ENGINEERING GEOLOGY
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skove S <

- LEGEND,
SCALE 1:130.000 (APPROXIMATE) o ROAD - B

2 3 Pl ALL WEATHER. HARD SURFACE
ALL WEATHER, LOOSE SURFACE
FAIR WEATHER, LOOSE SURFACE
TRACK OR TRAIL

UNIT 6 1S NOT EXPOSED AT SURFACE (SEE CRCSS SECTION). NAUTICAL MILES
ELEVATIONS IN FEET

ELEVATION DATA FROM ARMY MAP SERVICE 1:250,000 o
SERIES N501, SHEET NO 36.8 : RAILRDAD, 50" GAGE

SINGLE TRACK
DOUBLE TRACK
NARROW GAGE _~
Rk SECONDARY ACMINISTRATIVE BOUNDARY

DIAGRAMMATIC GEOLOGIC CROSS SECTION : o

VERTICAL EXAGGERATION 15X ™~

LAUNCH SITE 1 BEREZAYKA RIVER LAUNCH SITE 4

LAUNCH SITE 2

FEET ABOVE SEA LEVEL

NEUTICAL MILE
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DEFENSE INTELLIGENCE AGENCY

WASHINGTON, D. €. 20301

SAO/PC 270/1-1-64 7 August 1964

SUBJECT: Addendum No. 2 to SAO/PC 270/1-1-64 .

-TO:

SAO/PC 270/1-1-64,

Recipients of Publication Cited

ANALYSES OF T:E PHYSICAL ENVIRORMENT AT
SOVIET ICBM COMPLEXES, is amended as follows:

This engineering-geolo

containing data on new

at the Yedrovo complex 2

gy study is an addendum
launch sites discovered -
fter research on the

original study was completed.

Addenda for new

report.

—  TAp THE DIRECTOR:

launch sites at other comple
to be inserted with SAO/PC 2
issued to update the earlier, more comprehensive

xes,

also designed
70/1-1-64, will be

ELMORE G.

LAWTON

Chief,

Colonel

USA
Environment Division

- —

YEDROVO ICBM COMPLEX B 3

YEDROVO ICBJ Lo -2

Two new launch sites have been ¢
a soft sitc located near an earlier s

onstructed at the Yedrovo ICBM complex; one is
ite now identified as a launch support facility,

2 S fhe btmer is = hard site that replaces an garlier soft site. Both of these new

sites have generally

good foundation materiali:

~fth low to moderate seiszic veloci-

ties.

E 7 5
A .

Launch Site 7, a Type IId soft site,
northwest of a launch support facility (p
of a morainal hill of clayey glacial till
70 feet. Vegetation is primarily demse f
south. Tree types arc mostly spruce and
diameter, intermixed with pine and aspen
diameter. .

LAUNCH '3_3’«
i

The envirommental factors at Site 7

is located 0.3 nautical mile west-

reviously identified as Site 7) on the side
Refizf within 1 nautical mile is about
Srest except for culgivated areas to the
birch up-uo 60 feet-high and 18 inches in
also 60 feet high and up to 12 inches in

t Launch Site 8

are sifilar to those

%

/9
i

except that clayey glacial till (Uait 4) is £0°to 50

cavernous dolomite (Unit 5) is 10 to

20 feet t

feet thick, the bedrock of
and depth to ground water is .

about 25
are avail
between &

nautical miles of the launch site. Bedrock of ¢

to 30 fect. Mostly small quantities o
able from caverns in dolomite and frac

€ fair- to good-quality ground watgr
tures in limestone beds at depths

5 and 55 feet. Natural construction m3terials are available within 3.5

mestone and dolomite, suitablé for

most

comstruction uses, is available to the south along surf

ace exposures which form

short,

steep ridges.

Abundant quantities of sani

d and gravel suitable for aggregate

and fill are available
quality timber is read

from eskers, also located south of the site.
ily available adjacent to the launch site.

Fair- to good-

LAUNCH SITE 9

Launch Site 9, a Type ILI hard

site 16.5 nautical miles west-southwest of

Yedrovo,

is located adjacent to Lau

nch Site S which has apparently

Depth to the water

table and to shale bedrock (Uni

been abandoned.

below the water table encounters no difficul
silo construction. Other engineering-geolop
are also applicable to Site 9.

t 6) is about 35 feet; excavation
ties, and the shale is well suited for
y conditions described at Launch Site 5

25X1
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VEDROVO ICBM LAUNCH SITES 7 AND 9

TYPE |l JMODULAR) MODE D ENGINEERING GEOLOGY

‘OIINO VEL'YE Cﬁ

o5/ ST %S A

SCALE 1:130,000 (APPROXIMATE)
2 3 4

NOTE: THE_ CONFIGURATION SHOWN IS A

CHARACTERISTIC PATTERN ONLY. AND IS NOT

NECESSARILY JAN EXACT REPRESENTATION :

OF THE YEDROVD COMPLEX. ' o-
. —

NAUTICALMILES

FOR EXPLANATION OF GEOLOGIC UNITS, SEE TABLE ON PAGE 7

D[AG#AMMATIC GEOLOGIC CROSS SECTIONS
HORIZONTAL SCALE 1:20,000 -
VERTICAL EXAGGERATION 20X .
RELIABILITY: SEE PAGE 4
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v- DEPARTMENT OF DEFENSE
WASHINGTON, D. C., 20301

- . . - ° g
SAO/PC 270/1-1-64 ° N

(Supersecdes Special Enginecer Intelligence Report No. 2 and addenda)

ANALYSIS OF THE PHYSICAL ENVIRONMENT
AT YOSHKAR-OLA ICBM COMPLEX

THIS STUDY IS ONE OF A SERIES OF ALL-SOURCE INTELLIGENCE
REPORTS ON ICBM COMPLEXES IN THE U.S.S.R. ADDITIONS WILL
BE PUBLISHED AT INTERVALS AS INFORMATION BECOMES
AVAILABLE. . N

This study is based on information available as of July 1963.

SOVIET ICBM COMPLEXES
=%

a .
"o ARCTIC OCEAN

B

PREPARED BY
DEFENSE INTELLIGENCE AGENCY
PRODUCTION CENTER

Graphic Support By
D/ESPA, ARMY MAP SERVICE, Cof E

TOP SECRET 2
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LAUNCH SITE CONFIGURATIONS DIAGRAMMATIC GEOLOGIC CROSS SECTIONS
) AT I’OjHKAR-OLA ICBM LAUNCH SITES :

- - - ON PAGE :45 FOR EXPLANATION OF
G‘OLO’IC UNITS, ;5; TABLE ON PAGE 7.

TYPE 1l (MODULAR) MODE 8

Lot HORIZONT AL SCALE 1:20.000

VERTICAL EXAG\;ERATIO“( 20x .
LAUNCH SITE 1
TYPE 115
v

o

5

- -
8

H

3

2

2

o

. 7] LAUNCH SITE 2 [ 3%
BE 11h)

o

B

Z

5

<

! H

! Iy

2

I -

H

|
i NP

3 BER ©
- . E FEET

CONFIGURATIONS SHOWN AR .
CHAwAcTEms-lc PATTERNS ONLY. AND AR -
NOT MNECESSARY EXACT REPRESENTATION . .

© OF THE YOSHKAR-OLA COMPLEX

500 : . 590

LAUNCH SITE 3
(TYPE e}

RELIABILITY OF CROSS SECTIONS

FEET ABOVE SEA LEVEL

DATA ON SEQUENCE, THICKNESS., AND COMPOSITION OF LAYERS ARE BASED ON GEOLOGIC
LITERATURE AND INFORMATION REGARDING PHYSIOGRAPHIC FEATURES OF THE GENERAL
AREA OF THE SITES MODIFIED GREATLY BY TALENT KEYMOLE PHOTOGRAPHY. RELIABILITY
OF IN TION ON SEQUENCE AND COMPOSITION OF LAYE RS{AND ROCK FORMATIONS

N R
1S_GOOD. BUT INFORMATION ON SEQUENCE AND THITKNESS OF INDIY IDUAL ROCK LAYERS 15
POOR. RELIABILITY OF ELEVATIONS IS = 40 FEET -

6,000 3,050 o E
FEET H

25X1
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>YO.SHKAR~LOLA ICBM  COMPLEX i ENGINEERING “GEOLOGY

»

PRRTRS

ELEVATIONS IN FEET - : T .
_ELEVATION DATA FROM ARMY MAP SERVICE ) SCALE 1:165,000 (APPROXIMATE) osD
1:250,000 SERIES NSO1, SHEETS NO 39-10 AND NO 38.12 2 7 3 4 =t ALL WEATHER, LOOSE SURFACE - '
. . NAUTICAL MILES - FAIR WEATHER, LODSE SURFACE ——
RAILROAD, 5°0°° GAGE e
RAILROAD, NARROW GAGE JR— l
DIAGRAMMATIC GEOLOGIC "CROSS. SECTION ]
VERTICAL EXAGGERATION 20X
N |
i s LAUNCH SITE 2 600 l
e rwdvsn :
i ]
EY
2
2 e '
YOSHKAR-OLA 6 . TDP SEGR” 5 el T .
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